Background: To test the reliability, sensitivity to change in biomarkers associated with disease progression and response to treatment, and clinical meaningfulness of the Functional Assessment of Cancer Therapy-Hepatobiliary (FACT-Hep) in patients with hepatobiliary carcinoma.
introduction Hepatocellular carcinoma (HCC) accounts for more than 250 000 deaths a year, and is the leading cause of death from cancer in eastern Asia and sub-Saharan Africa and the sixth leading cause of cancer death worldwide [1] . With the estimated 3.9 million people who are chronically infected with hepatitis C in the USA, the rates of HCC are expected to increase in the next decade in North America and Europe, where hepatobiliary cancers were previously considered relatively rare [2] .
Approximately 80% of patients diagnosed with HCC present with unresectable lesions and are unable to undergo transplantation [2] . Non-surgical treatment of this cancer has been demonstrated to have, at best, only modest improvements in survival [3] [4] [5] [6] , and as a result, health-related quality of life (HRQL) becomes paramount. The measurement of HRQL as an end point has become routine in clinical trials testing the safety and efficacy of new chemotherapeutic agents for nearly all types of cancer, including hepatobiliary carcinoma.
A variety of instruments designed to assess HRQL are available to clinicians and researchers [7, 8] . One of these instruments, the Functional Assessment of Cancer Therapy (FACT) [9] , is used extensively in oncology clinical trials especially in North America. The FACT is a general cancer HRQL instrument; however, disease-specific modules are also available to assess additional concerns related to a specific malignancy and/or its treatment. A version of the FACT, the FACT-Hepatobiliary (FACT-Hep), has recently been developed and demonstrated to be valid and reliable in a sample of patients with hepatobiliary carcinoma [9, 10] . The sample of patients who were recruited for the validation study consisted of patients diagnosed primarily with colorectal cancer with liver metastases (40%). Therefore, further testing of the reliability of this instrument in a sample of patients primarily diagnosed with hepatocellular carcinoma may offer an important confirmation of the instrument's generalizability.
The FACT-Hep has begun to be employed as an end point in non-randomized [11] and randomized controlled trials testing new treatments for hepatobiliary carcinoma [12] [13] [14] . The instrument's sensitivity to change associated with disease progression and response to treatment has not yet been tested. The present study will begin to evaluate the sensitivity of FACTHep to clinical indicators that reflect disease progression and response to treatment. In addition, the clinical meaningfulness of FACT-Hep changes and score differences have not been evaluated. A second aim of this study will be to estimate minimally important differences (MIDs) for the FACT-Hep.
A MID on a patient-reported outcome measure has been defined as the 'smallest difference in score in the domain of interest that patients perceive as important, either beneficial or harmful, and which would lead a clinician to consider a change in the patient's management' [15] . Prior studies of instruments within the FACIT measurement system have used a combination of distribution and anchor-based analyses to estimate scale and subscale MIDs [16, 17] .
Distribution-based methods are based on statistical properties of the scale and the distribution of HRQL scores. We have used one-third to one-half of a standard deviation (SD) to estimate MIDs on FACT scales. Score differences of this magnitude are associated with effect sizes of 0.33 and 0.50, respectively. This range falls within Cohen's recommended cutoffs for small (0.20) to moderate (0.50) effect sizes [18] . The use of the standard deviation alone to estimate MIDs is problematic since results can vary across samples. Hence, we also calculate the standard error of measurement (SEM). A single SEM has been used to estimate the MID on health status measures because it is less sample dependent [19, 20] . MID estimates are further refined using anchor-based methods.
Anchor-based methods 'anchor' or 'map' score differences onto differences in clinical indicators. Clinical anchors can be objective (e.g. response to treatment) or subjective (e.g. performance status), and can be determined using crosssectional or longitudinal analyses. Since there is no single best method for estimating MIDs, the use of multiple strategies simultaneously has been recommended [16] . Hence, we combined the distribution-and anchor-based methods to determine scale MIDs for the FACT-Hep.
The aims of the present study were to: (i) confirm the reliability of the FACT-Hep in a heterogeneous sample of patients with hepatobiliary carcinoma; (ii) test the sensitivity of FACT-Hep to changes of biomarkers that reflect disease progression and treatment response; and (iii) estimate MIDs on the FACT-Hep using distribution-and anchor-based methods.
methods patients
One hundred and fifty-eight patients diagnosed with hepatobiliary carcinoma were prospectively followed and HRQL was assessed at baseline (prior to treatment), and to 3 months (n = 55) and 6 months (n = 27) follow-up. The data come from three separate studies [11, 21] . Inclusion criteria for each of the participants for all three samples included: (i) biopsy proven hepatobiliary carcinoma; (ii) treatment with TACE or 90-yttrium microspheres; (iii) 18 years of age or older; and (iv) ability to read and speak English fluently. Exclusion criteria included: (i) current suicidal or homicidal ideation; (ii) current psychosis; or (iii) health too poor to complete questionnaires. Of the patients in the study, 69% received treatment with TACE and 31% with 90-yttrium microspheres. Patients treated with TACE were treated on average every 8 weeks. 90-Yttrium microspheres were administered once after diagnosis and subsequently with progression of lesion(s).
health-related quality of life HRQL data were collected prospectively. Version 4 of the FACT-Hep [9, 10] was administered at baseline (prior to treatment), and at 3 and 6 months follow-up. The 45-item FACT-Hep consists of five subscales: (1) physical well-being (PWB); (2) social and family well-being (SFWB); (3) emotional well-being (EWB); (4) functional well-being (FWB); and the hepatobiliary cancer subscale (HepCS). The HepCS includes 18 items that assess specific symptoms of hepatobiliary carcinoma and side-effects of its treatment. Aggregate scores can also be formed. The PWB, FWB, SFWB and EWB are summed to form the FACT-General total score (FACT-G). The FACT-G and HepCS score are summed to form the FACT-Hep total score. The Trial Outcome Index (TOI) consists of the summation of the PWB, FWB and HepCS subscales. The TOI has been demonstrated to be a sensitive indicator of clinical outcome in other disease types [9] . Finally, the FACT-Hepatobiliary Symptom Index (FHSI) includes eight items from the FACT-Hep that measure specific symptoms and side-effects of hepatobiliary carcinoma [22] . All FACT items are rated on 5-point scales ranging from 0 = not at all to 4 = very much. Higher scores on all scales of the FACT-Hep reflect better quality of life or fewer symptoms [10] .
clinical anchors
The clinical anchors for this study were determined by an experienced clinician and researcher who has treated patients with hepatobiliary carcinoma for nearly two decades (B.C.). The clinical anchors included: (i) survival; (ii) alpha-fetoprotein (AFP); (iii) alkaline phosphate (ALK); and (iv) hemoglobin. The clinical anchors were obtained through results from routine computed tomography scans, pathology and laboratory tests. Survival was measured from the date of diagnosis of hepatobiliary cancer to the date of death. The clinical anchors that were chosen are based on previous research concerning predictors of HRQL and disease progression in patients with hepatocellular carcinoma [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] . Although HRQL would be expected to be positively associated with survival, the results regarding this association are not consistent [23] [24] [25] [26] [27] . AFP [27] [28] [29] and ALK [30] have been demonstrated to be associated with tumor progression and poor prognosis in patients with HCC. Anemia has been found to be associated with lower levels of HRQL [31] and is believed to be associated with disease progression and survival [32, 33] ; however, this is still under investigation.
data analyses
Descriptive statistics were used to obtain information regarding the demographic and disease-specific characteristics of this sample. Cronbach's alphas were calculated to determine the internal consistency of each of the scales of the FACT-Hep at all three time points. One-way analyses of variance (ANOVAs) and independent samples t-tests were used to compare FACT-Hep scores across clinically distinct groups. Paired samples t-tests and repeated measures ANOVAs were used to determine the instrument's responsiveness to change. Neuman-Keuls post-hoc tests (P < 0.05) were performed to specify any significant omnibus effects. Spearman correlations were used to determine associations between FACT-Hep scores and any continuous variables.
Two distribution-based analyses were used to estimate MIDs for the FACT-Hep. Standard deviations of FACT-Hep scores were divided by 3 and 2 to establish 1/3 and 1/2 SD estimates. The SEM for the FACT-Hep scores were also calculated using the following formula:
where r x = the SD of the scale or subscale and rel x = the reliability of the scale or subscale (test-retest reliability or internal consistency). These parameters have frequently been used to estimate MIDs on other FACIT measures [16] . For anchor-based analyses, FACT-Hep score differences between clinically distinct groups were computed along with corresponding effect sizes (group means divided by the pooled within-group SD). results demographic and disease-specific characteristics Demographic and disease-specific characteristics of the patient sample can be found in Tables 1-3 Tables 1-3 ). Neither gender nor GGTP was associated with FACT-Hep scores (data not shown). Although age was positively correlated with a few FACT-Hep scores (e.g. PWB, FHSI), correlation magnitudes were small (rhos <0.28). These rather modest differences led us to combine the three samples to maximize power and generalizability. Survival, different across the three samples, was strongly associated with FACT-Hep scores and was therefore used as an anchor in later analyses.
With the three samples combined, 75% of the sample was male, which is consistent with the gender ratio for this disease (2:1). The mean age was 64 years (range 22-90). The majority of the sample was Caucasian (90%), followed by African-American (6%), Asian-American (3%) and Hispanic (1%).
The primary diagnosis was HCC (85%) and the primary etiology of the cancer was hepatitis B and/or C (45%). Of the 158 patients in this study, 73% had cirrhosis. Please refer to Tables 2 and 3 for further information regarding disease-specific factors.
reliability of the FACT-Hep
Internal consistency for each of the subscales at baseline (prior to treatment), and at 3 and 6 months' follow-up was found to be adequate (all alphas >0.76). At baseline the Cronbach alphas ranged from 0.76 to 0.92. At 3-months follow-up the Cronbach alphas ranged from 0.85 to 0.97 and at 6-months follow-up the alphas ranged from 0.82 to 0.87. sensitivity to change and effect size of the FACT-Hep over time Paired sample t-tests were performed from baseline to 3 months' follow-up (n = 55) for all FACT-Hep subscales. Significant decrements in all subscales were found from baseline to 3 months' follow-up (see Table 4 ).
Repeated measures ANOVA was performed to test changes over time from baseline to 6 months. Significant differences were found on all the subscales of the FACT-Hep with the exception of FWB subscale, which approached significance: PWB [F(2,54) = 8. Pairwise comparisons between baseline, and 3 and 6 months' follow-up were performed, and for all subscales the baseline means were found to be higher than 3 and 6 months' follow-up. For the HepCS, FACT-Hep and TOI, the mean scores at 6 months' follow-up were found to be significantly higher than at 3 months' follow-up ( Figure 1 ).
clinically meaningful changes in the FACT-Hep distribution-based analyses. Distribution-based estimates of the MID are shown in anchor-based analyses. Baseline ALK and hemoglobin were used as cross-sectional anchors. Critical values of these biomarkers were used to compare clinically distinct groups. For ALK, 44-147 U/l was considered to be normal, whereas >147 U/l was considered high. For hemoglobin, >12 g/dl was considered normal and £12 g/dl was considered low. Critical value comparisons were found to be significant for ALK on the EWB, FWB and the FACT-G subscales, in which higher subscale scores on the FACT-Hep were associated with normal levels of ALK. For hemoglobin, significant differences were found on the EWB subscale, in which higher levels of hemoglobin were associated with higher reported EWB (Tables 6 and 7) .
prospective anchor-based evidence. Prospective analyses of changes in clinical anchors were also performed. Significant relationships were found between changes in AFP from baseline to 3-month on the PWB, HepCS, TOI and FHSI subscales (Table 8 ). For each of the subscales, an improvement in AFP (reduction in AFP) was associated with a less negative change in HRQL when compared to worsening of AFP (increase). Short-and long-term survival was also analyzed in relation to changes in scores on the FACT-Hep scales. Significant differences were found on the PWB, SFWB, FACT-G, FACTHep, HepCS, TOI and the FHSI subscales (Table 9) . Patients who had a survival of >5 months had a greater decline from baseline to 3 months on the above FACT-Hep subscales compared with patients who had a survival of <5 months.
A summary of the cross-sectional and prospective anchorbased analyses can be found in Table 10 . Based on the results of the cross-sectional anchor-based analyses, <1% of the analyses involving the relationship between HRQL and clinical anchors had small effect sizes (<0.2). Thirty-nine per cent (14/39) of the analyses resulted in a small to moderate effect size (0.2-0.5), 25% (9/36) of the analyses resulted in a moderate to large effect size (0.5-0.8), and 28% (10/36) resulted in a large effect size (>0.8). For the purpose of this paper, 31% (11/36) of the analyses had an effect size that would be categorized as an MID (0.3-0.5). The overall mean differences found in the first and third columns of Table 10 fall within the distribution based estimates provided in Table 5 . original article
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Based on a combination of distribution-based criteria, cross-sectional and prospective anchor-based methods, the last column of Table 10 provides estimates for MIDs for the FACT-Hep.
discussion
Although previous validation studies have been conducted with the FACT-Hep [9, 10] , the present study provides additional data regarding the reliability of this instrument. Furthermore, the results of this study add novel information regarding the sensitivity of FACT-Hep to changes in biomarkers that reflect disease progression and response to treatment, and as a result estimates for MIDs. The reliability for the FACT-Hep, with this sample of patients with hepatobiliary carcinoma, was adequate for all scales of the instrument at all time points. These results further confirm the reliability of the FACT-Hep in a new heterogeneous sample of patients, primarily with a diagnosis of HCC. Significant decrements in HRQL, with large effect sizes, were observed from baseline to 3 months' follow-up on nearly all scales of the FACT-Hep. The decrease in HRQL from baseline to 3 months' follow-up is likely a consequence of the side-effects associated with TACE. Sixty-nine per cent of the patients in this study were treated with TACE. At the 3 month assessment, most of the patients would have been only 2-3 weeks post-treatment and likely still experiencing side-effects of treatment.
At 6 months' follow-up, albeit in few patients (n = 27), scores improved from the 3-to 6-month follow-up on the HepCS, FACT-Hep and TOI subscales. None of the scale scores, SD, standard deviation; SEM, standard error of the mean; PWB, physical well-being; SFWB, social and family well-being; EWB, emotional wellbeing; FWB, functional well-being; HepCS, hepatobiliary cancer subscale; FACT-G, Functional Assessment of Cancer Therapy-General; FACT-Hep, Functional Assessment of Cancer Therapy-Hepatobiliary; TOI, Trial Outcome Index; FHSI, FACT-Hepatobiliary Symptom Index. 
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including the scales that improved, returned to baseline levels, suggesting that disease progression may have attenuated improvements in HRQL subsequent to treatment. The timing of assessment may explain the improvement on some of the FACT-Hep subscales at 6 months, as the majority of patients were likely to be 6-10 weeks post-treatment. The present study also differentiated groups of patients based on clinical indicators at baseline as well as prospectively. The FACT-Hep was found to be related to baseline measures of ALK, hemoglobin and vascularity of the lesion. Higher ALK may be associated with bile obstruction and increased ascites and/or malnutrition that may be associated with alcohol-related cirrhosis and/or HCC. In either case, lower HRQL would be expected.
Prospectively, we also found that the FACT-Hep subscales were related to changes in AFP and survival. When AFP increased from baseline to 3 months (i.e. worsened), patients reported greater decrements in HRQL. Unexpectedly, patients who had lived longer than the median survival for this sample (>5 months) reported lower HRQL on several of the subscales of the FACT-Hep (PWB, SFWB, FACT-G, HepCS, FACT-Hep, TOI, FHSI) than patients who had lived less than the median survival (<5 months) for this sample. One explanation of this finding may be that those patients who responded to treatment also experienced greater side-effects, and as a result poorer HRQL, than patients who did not respond to treatment and thus had shorter survival.
The distribution-based methods were initially employed to provide guidelines to estimate MIDs. The SEM was employed as it is theoretically less sample dependent and has greater generalizability. The cross-sectional and longitudinal anchorbased analyses facilitate the ability to estimate MIDs by narrowing the range of initial estimates calculated using distribution-based methods. Recommendations for MIDs were based on the distribution-and anchor-based analyses, and can be found in Table 10 .
A significant limitation to this investigation is the attrition of patients over the course of the study and the small sample size at 6 months' follow-up. Owing to illness and death, many patients were not able to complete the 6-month assessment, thus resulting in small sample size and reduced power. Prior research has demonstrated that younger age as well as more severe impairment may result in differential MIDs [15] ; however, this may be more likely with the use of distribution-based methods to obtain MIDs. Because both distributional-and anchor-based methods were used, the present estimates are likely to be more generalizable to other samples of patients with hepatobiliary carcinoma, independent of age and functional ability.
The present study included a sample that was relatively homogeneous with regard to diagnosis but heterogeneous on original article Annals of Oncology many other demographic and disease-specific variables. The SEM was employed in addition to the SD, as the SEM is considered independent of the sample. Although low internal consistency can affect the SEM, the Cronbach alphas for each of the subscales of the FACT-Hep were in the acceptable range (0.76-0.98). Some argue that test-retest reliability is more important when using the SEM with the distribution-based approach to calculating MIDs [19, 20] . Wyrwich et al. suggested that a single SEM (i.e. 1· SEM) corresponds with anchor-based approaches [19, 20] , while others have suggested that 2· SEM or 2.77· SEM represent an important change (95-99% confidence interval [34, 35] ). Although the sample size was small and the sample diseasespecific characteristics rather heterogeneous, the results of this study add vital information regarding the measurement and interpretation of HRQL data in patients with hepatobiliary carcinoma. At this time, although there is one other diseasespecific HRQL instrument for patients with hepatobiliary carcinoma, the European Organization on Research and Treatment of Cancer's QLQ-HCC18 [36] , there is no method for interpreting the clinical meaningfulness of the data obtained using this instrument.
The MIDs for the FACT-Hep have several clinical and research applications including (i) interpretation of individual or group differences on measures of HRQL, (ii) estimation of sample size or power for future studies and (iii) determining whether a trial or treatment should be stopped based on clinically relevant decrements in HRQL. The use of MIDs will be important for testing the efficacy of new treatments for hepatobiliary carcinoma as well as psychosocial interventions. 
